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DATA OUTPUT APPARATUS, DECODING 
APPARATUS, AND RECORDING MEDIUM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a data output apparatus, a 

decoding apparatus, and a recording medium, and particu 
larly relates to a data output apparatus, etc. suitable for digital 
television broadcasting, etc. 

2. Description of the Related Art 
In recent years, streaming reproduction of a motion picture 

?le via the Internet and digitaliZation of television broadcast 
ing has become widely spread. Such motion picture digital 
data are coded (compressed) based on standards such as 

MPEG-1, MPEG-2, MPEG-4 (MPEG: Motion Picture 
Experts Group), ITU-T, H.264, etc., when they are transmit 
ted. 

Conventionally, since these standards completely de?ne 
the coding method, modi?cations or improvements of the 
coding method, when they become necessary, have caused 
confusions about compatibility. Because of this, although the 
progresses in the coding technologies have made it possible to 
make a partial improvement to the coding method, it is di?i 
cult to enable the decoder side to deal with the coding method 
wherever such an improvement is made. 

In view of this circumstance, there have been proposed 
methods for allowing the reproducing apparatus side to 
acquire a necessary decoding program (as disclosed in, for 
example, the publication of Japanese Patent No. 3304241). 

SUMMARY OF THE INVENTION 

According to such prior methods, it is only after the pro 
gram is downloaded ?rst and then the downloaded program is 
installed, when the motion picture reproduction starts. 
Accordingly, these methods have a problem that the waiting 
time before the reproduction starts, i.e., the latency is 
extremely large. 

This problem has found these methods unsuitable for fre 
quent use for replacing the decoding programs often with 
other ones that are better suited to the contents of the respec 
tive motion pictures. 

Further, since the program has to be downloaded ?rst, these 
methods could not have been applied to the television broad 
casts, which the audience might start to watch in the middle of 
their streaming. 

The present invention has been made in consideration of 
the above circumstances, and an object of the present inven 
tion is to provide a data generation apparatus, etc. capable of 
acquiring a necessary decoding program while performing 
streaming reproduction. 

To achieve the above object, a data output apparatus gen 
erates and transmits a data stream including content data 
coded by a default coding method and content data coded by 
a changeable coding method on which a decoding program 
corresponding to the changeable coding method is multi 
plexed. The decoding program is multiplexed on the data 
stream plural times repeatedly at predetermined intervals. A 
decoding apparatus receives the data stream transmitted by 
the data output apparatus, acquires the decoding program 
multiplexed thereon, and installs it. Until the decoding pro 
gram is completely installed and made executable, the decod 
ing apparatus decodes the content data by a decoding process 
corresponding to the default coding method. When the 
installment of the decoding program is completed, the decod 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
ing apparatus executes the decoding program and decodes the 
content data by a decoding process corresponding to the 
changeable coding method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These objects and other objects and advantages of the 
present invention will become more apparent upon reading of 
the following detailed description and the accompanying 
drawings in which: 

FIG. 1 is a diagram exemplarily showing the con?guration 
of a broadcasting system according to an embodiment 1 of the 
present invention; 

FIG. 2 is a block diagram showing the con?guration of a 
broadcasting apparatus; 

FIG. 3 is a block diagram showing the con?guration of a 
data generation unit; 

FIG. 4 is a block diagram showing the con?guration of an 
output unit; 

FIG. 5 is a block diagram showing the con?guration of a 
reproducing apparatus; 

FIG. 6 is a block diagram showing the con?guration of a 
decoding unit; 

FIG. 7 is a ?owchart for explaining a broadcasting process 
according to the embodiment 1 of the present invention; 

FIG. 8 is a ?owchart for explaining a data generation pro 
cess; 

FIG. 9 is a ?owchart for explaining multiplexing and trans 
mitting process; 

FIG. 10 is a diagram showing the data structure of a data 
stream generated in the data generation process; 

FIGS. 11A to 11C are diagrams for explaining packets 
generated in the data generation process, where FIG. 11A 
illustrates the data structure of a packet C11, FIG. 11B illus 
trates the data structure of a packet C2, and FIG. 11C illus 
trates the data structure of a packet PP; 

FIGS. 12A to 12C are diagrams for explaining multiplex 
ing in the multiplexing and transmitting process, where FIG. 
12A illustrates the packet arrangement when a decoding pro 
gram is multiplexed on content data, FIG. 12B illustrates the 
packet arrangement during a redundancy period, and FIG. 
12C illustrates the packet arrangement when a default coding 
method is switched to a changeable coding method; 

FIG. 13 is a ?owchart for explaining a decoding and repro 
ducing process according to the embodiments of the present 
invention; 

FIG. 14 is a ?owchart for explaining the decoding and 
reproducing process according to the embodiments of the 
present invention; 

FIG. 15 is a diagram exemplarily showing the con?gura 
tion of a distribution system according to the embodiment 4 of 
the present invention; and 

FIGS. 16A and 16B are diagrams exemplarily showing the 
con?guration of a system according to the embodiment 5 of 
the present invention, where FIG. 16A shows he con?gura 
tion of a case where the embodiment 5 is realiZed by the 
broadcasting system according to the embodiments 1 to 3, 
and FIG. 16B shows the con?guration of a case where the 
embodiment 5 is realiZed by the distribution system accord 
ing to the embodiment 4. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

One embodiment of the present invention will be explained 
with reference to the drawings. In the present embodiment, 
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the explanation Will concern an example Where the present 
invention is applied to digital television broadcasting. FIG. 1 
is a diagram exemplarily shoWing the con?guration of a 
broadcasting system 1 according to the present embodiment. 
As shoWn in FIG. 1, the broadcasting system 1 comprises a 
broadcasting apparatus 100, and a reproducing apparatus 200 
(for example, a digital television receiver). 
The broadcasting apparatus 100 performs digital television 

broadcasting, such as digital terrestrial broadcasting, satellite 
digital broadcasting, etc. The con?guration of the broadcast 
ing apparatus 100 Will be explained With reference to FIG. 2. 
FIG. 2 is a block diagram shoWing the con?guration of the 
broadcasting apparatus 100. As shoWn in FIG. 2, the broad 
casting apparatus 100 comprises a content acquiring unit 110, 
a data generation unit 120, and an output unit 130. 

The content acquiring unit 110 acquires data representing 
the content to be broadcast via television broadcasting. That 
is, the content is a motion picture content such as a television 
program, that is made up of videos and audios. Such a motion 
picture content is recorded on a predetermined recording 
medium such as a video tape, etc. Thus, the content acquiring 
unit 110 comprises a device Which reproduces such a record 
ing medium to acquire a motion picture signal representing a 
motion picture content. 

The data generation unit 120 generates digital data that is to 
be distributed via digital television broadcasting as a motion 
picture content acquired by the content acquiring unit 110. 
The data generation unit 120 Will be speci?cally explained 
beloW With reference to FIG. 3. 

FIG. 3 is a block diagram shoWing the con?guration of the 
data generation unit 120. As shoWn n FIG. 3, the data genera 
tion unit 120 comprises a content data acquiring unit 121, a 
coding method selection unit 122, a ?rst content coding unit 
123, a second content coding unit 124, and a data stream 
generation unit 125. 

The content data acquiring unit 121 acquires a reproduc 
tion signal reproducing a motion picture content from the 
content acquiring unit 110. The reproduction signal is 
acquired sequentially in the unit of frames (pictures) forming 
a motion picture sequence. 

The coding method selection unit 122 selects the method of 
coding the motion picture content acquired by the content 
data acquiring unit 121. According to the present embodi 
ment, the selection is made betWeen tWo types of coding 
methods, namely a default coding method (?rst coding 
method) and a changeable coding method (second coding 
method). 

The “default coding method” is, for example, a method that 
is so Widely spread that many types of reproducing appara 
tuses 200 can decode it. The “changeable coding method” is 
a neWcomer coding method or the like made to appear as a 
result of the speci?cation of a default coding method being 
modi?ed, etc., so not so Widely spread yet. The reproducing 
apparatus 200 on the decoder side Will perform the decoding 
operations mainly in accordance With the default coding 
method, While timely sWitching to be in accordance With the 
changeable coding method. According to the present embodi 
ment, the broadcasting apparatus 100 supplies the reproduc 
ing apparatus 200 With a decoding program necessary for 
decoding the data that is coded by the changeable coding 
method, by multiplexing the program on the content data. 
That is, the changeable coding method is externally dynami 
cally applied to the reproducing apparatus 200. 

For example, in case of a motion-compensated interframe 
differential coding method utiliZing macroblock matching, if 
a 1/2 pel (picture element) method for performing matching in 
the unit of 1/2 pixel is the default coding method, the 1/2 pel 
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4 
method may be modi?ed to a 1A pel coding method for per 
forming matching in the unit of 1A pixel that is more precise 
than the 1/2 pixel unit, and the 1A pel method may be used as 
the changeable coding method. In this example, since the 
syntax of the data to be coded remains the same, it is only 
necessary to change the inter-prediction algorithm, With the 
con?guration concerning the syntax analysis unchanged. 
The coding method selection unit 122 selects coding meth 

ods as required, so that the coding methods may be sWitched 
at required timings While one content is being coded. Then, 
the coding method selection unit 122 supplies the motion 
picture content data to the ?rst content coding unit 123 or to 
the second content coding unit 124, depending on the coding 
method being selected. When supplying the motion picture 
content data to the ?rst content coding unit 123 and the second 
content coding unit 124, the coding method selection unit 122 
af?xes predetermined identi?cation (ID) information corre 
sponding to the selection and sWitching timings, etc. to the 
motion picture content data, as Will be described later. 
The coding method selection unit 122 determines a coding 

mode of the selected coding method for each frame (picture). 
For example, the interframe differential coding method 
includes an inter-prediction coding mode forperforming cod 
ing based on a prediction utiliZing a past frame, and an intra 
prediction coding mode that is self-contained Within the cur 
rent frame. The coding method selection unit 122 determines 
Which of these coding modes to adopt. Since generally the 
inter-prediction coding mode can code a less amount of data, 
the intra-prediction coding mode is adopted for the frame at 
the start of the content or for the frame that has a large amount 
of change from the previous frame such as at the time of a 
scene change or the like. On the other hand, it is common to 
adopt the inter-prediction coding mode for the other frames to 
restrict the total amount of coding. Thus, the coding method 
selection unit 122 selects a suitable coding mode in accor 
dance With the content of the motion picture input thereto or 
the passage of the time. 

That is, the motion-compensated prediction in the inter 
prediction coding mode is effective in a case Where there is 
little change betWeen frames, hoWever, appropriate coding is 
not available if there is much change betWeen frames. Further, 
the motion-compensated prediction cannot be performed for 
the top frame having no reference frame therebefore. Accord 
ingly, the intra-prediction coding mode is applied for the top 
frame or the frame at the scene change. 

In other Words, the frame to Which the intra-prediction 
coding mode is applied can be said to be a frame to serve as a 
reference for the motion-compensated prediction. Hence, by 
applying the default coding method to the frames that are to 
serve as references for the motion-compensated prediction, it 
is possible to enable decoding and reproducing to be attained 
by even those reproducing apparatuses 200 that have not yet 
been tuned to the changeable coding method. Thus, the cod 
ing method selection unit 122 selects the coding method to be 
adopted When coding a frame, in accordance With the coding 
mode selected for each frame. 
Assuming that the inter-prediction coding mode is in a 

more upWard reproduction layer than the intra-prediction 
coding mode, the coding method selection unit 122 selects he 
changeable coding method for a frame of the more upWard 
layer, and selects the default coding method for a frame of a 
more backward layer. 
The ?rst content coding unit 123 codes the motion picture 

content data supplied from the coding method selection unit 
122 by the default coding method, and supplies the coded 
digital data (hereinafter referred to as “?rst coded data”) to the 
data stream generation unit 125. 
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The second content coded unit 124 codes the motion pic 
ture content data supplied from the coding method selection 
unit 122 by the changeable coding method, and supplies the 
coded digital data (hereinafter referred to as “second coded 
data”) to the data stream generation unit 125. 

The ?rst content coding unit 123 and the second content 
coding unit 124 code the motionpicture by folloWing a knoWn 
coding procedure. For example, they perform coding by the 
motion-compensated interframe differential coding method 
utiliZing macroblock matching. 

The ?rst content coding unit 123 and the second content 
coding unit 124 also code the audios attached to the motion 
picture to be coded. For example, they perform coding of 
audios by coding methods such MPEG-l audio, TWinVQ 
(Transform-domain Weighted Interleave Vector Quantiza 
tion), or MPEG-2/AAC (Advanced Audio Coding). The 
audio coding method is selected in accordance With the cod 
ing method for the motion picture. The coding method selec 
tion unit 122 may select or instruct the selection for the audio 
coding method. 

The data stream generation unit 125 generates a data 
stream including the ?rst coded data and the second coded 
data supplied from the ?rst content coding unit 123 and the 
second content coding unit 124, by arranging the packets of 
the ?rst and second coded data. That is, the data stream 
generation unit 125 generates a data stream in Which the 
content is coded. The data stream generation unit 125 trans 
fers the generated data stream to the output unit 130. 

The output unit 130 superposes the data stream supplied 
from the data generation unit 120 on a predetermined carrier 
Wave, and performs television broadcasting of the data stream 
by transmitting it out through an antenna or the like. The 
output unit 130 performs digital television broadcasting by 
performing broadcasting transmission on a carrier Wave that 
is used for digital terrestrial broadcasting and satellite digital 
broadcasting. The output unit 130 according to the present 
embodiment transmits the data stream and a program that are 
supplied from the data generation unit 120. To be more spe 
ci?c, by multiplexing a program on the data stream represent 
ing the content, it simultaneously transmits the content data 
and the program. The con?guration of such an output unit 130 
Will be explained With reference to FIG. 4. FIG. 4 is a block 
diagram shoWing the con?guration of the output unit 130. 
As shoWn in FIG. 4, the output unit 130 comprises a data 

stream acquiring unit 131, a decoding program storage unit 
132, a multiplexing unit 133, and a transmitting unit 134. 
The data stream acquiring unit 131 connects the output unit 

130 to the data generation unit 120, and acquires the data 
stream generated by the data stream generation unit 125 of the 
data generation unit 120. 

The decoding program storage unit 132 is constituted by a 
storage device such as a ROM (Read Only Memory), an 
EEPROM (Electrically Erasable Programmable ROM), a 
hard disk device, etc., and stores the programs to be supplied 
to the reproducing apparatus 200 on the decoder side together 
With the content data to be transmitted. According to the 
present embodiment, the data representing the content to be 
broadcast is transmitted With the program multiplexed 
thereon. Therefore, the decoding program storage unit 132 
stores the programs to be multiplexed on the content data. 
According to the present embodiment, transmitted together 
With the content data is the program (hereinafter referred to as 
“decoding program”) to be executed by the reproducing appa 
ratus 200, such as the algorithm for decoding the data coded 
by the changeable coding method, a ?lter to be used for 
post-decoding processes (for example, an in-loop ?lter or 
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6 
post-?lter for deblocking, etc.)etc. Thus, the decoding pro 
gram storage unit 132 stores these decoding programs. 
The interframe differential coding method includes a 

decoding operation Which is called local decoding during the 
process of coding. That is, the reproducing apparatus 200 
locally decodes the coded data to obtain a reference frame to 
be used for detecting the difference of the next frame. In order 
for the coded data to be appropriately decoded, the decoding 
algorithm for the local decoding has to be matched With the 
decoding algorithm of the reproducing apparatus 200. Thus, 
according to the present embodiment, the reproducing appa 
ratus 200 executes the decoding program used by the data 
generation unit 120 for the local decoding, so that the data 
coded by the data generation unit 120 Will be decoded. 

According to the present embodiment, it is assumed that all 
reproducing apparatuses 200 have been adapted to the default 
coding method, and all reproducing apparatuses 200 are not 
adapted to the changeable coding method in their initial state. 
A transmission of the decoding program corresponding to the 
changeable coding method Which is multiplexed on the con 
tent data enables the reproducing apparatus 200 to decode the 
data coded by the changeable coding method. That is, since 
the decoding program to be multiplexed on the content data is 
a decoding program corresponding to the changeable coding 
method, the decoding program storage unit 132 stores at least 
the decoding program corresponding to the changeable cod 
ing method. 
The multiplexing unit 133 acquires the decoding program 

stored in the decoding program storage unit 132, divides the 
decoding program into packets, and multiplexes the decoding 
program on the content data stream acquired by the data 
stream acquiring unit 131 by arranging the divided packets 
With the packets that build up the content data stream. 
The transmitting unit 134 superposes the data stream on 

Which the decoding program has been multiplexed on a car 
rier Wave for, for example, digital television broadcasting, 
and outputs the data stream via an antenna device, etc., 
thereby transmitting the decoding program together With the 
data representing the content such as a TV program, etc. That 
is, the transmitting unit 134 simultaneously transmits the data 
representing the content to be reproduced by the reproducing 
apparatus 200 and the decoding program to be executed by 
the reproducing apparatus 200. 
The data generation unit 120 and the output unit 13 0 having 

the above-described con?gurations may be constructed by 
hardWare by employing a physical structure such as anASIC 
(Application Speci?c Integrated Circuit), or may be con 
structed by softWare by employing a structure that can be 
logically realiZed by a CPU (Central Processing Unit) execut 
ing a program for realiZing these functions. In the latter case, 
the data generation unit 120 and the output unit 130 should 
comprise a storage device, in Which the program to be 
executed by the CPU is stored. 
The data generation unit 120 and the output unit 130 may 

not be constructed integrally. That is, independent appara 
tuses (a data generation apparatus and an output apparatus) 
having the con?gurations and functions of the data generation 
unit 120 and the output unit 130 respectively may be pre 
pared, so that the data generated by the data generation appa 
ratus Will be supplied to the output apparatus. 

Next, the con?guration of the reproducing apparatus 200 
Will be explained. The reproducing apparatus 200 according 
to the present embodiment is, for example, a digital television 
receiver that receives a digital television broadcast and repro 
duces it. That is, the reproducing apparatus 200 receives 
coded digital data, and reproduces the content such as a TV 
program by decoding the received digital data. The con?gu 
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ration of such a reproducing apparatus 200 Will be explained 
With reference to FIG. 5. FIG. 5 is a block diagram showing 
the con?guration of the reproducing apparatus 200. 
As shoWn in FIG. 5, the reproducing apparatus 200 com 

prises a receiving unit 210, a decoding unit 220, a DAC 230, 
a video output unit 240, and an audio output unit 250. 

The receiving unit 210 is constituted by, for example, an 
antenna, a tuner circuit, etc., and receives a carrier Wave for 
digital television broadcasting that has been transmitted by 
the output unit 130 of the broadcasting apparatus 100. That is, 
the receiving unit 210 receives the carrier Wave on Which the 
data stream generated by the data stream generation unit 125 
of the broadcasting apparatus 100 has been superposed. For 
example, the receiving unit 210 receives a data stream in 
Which content data representing a TV program or the like and 
a decoding program are multiplexed together. 

The decoding unit 220 decodes the data stream received by 
the receiving unit 210, and acquires the decoding program 
multiplexed on the data stream. The details of the decoding 
unit 220 Will be described later. 

The DAC 230 is a digital-analog converter, Which converts 
the content data (digital data) decoded by the decoding unit 
220 into an analog video signal and an analog audio signal, 
and supplies them to the video output unit 240 and the audio 
output unit 250. 

The video output unit 240 is constituted by, for example, an 
LCD (liquid crystal display) or the like, and displays images 
based on the video signal supplied from the DAC 230, thereby 
outputting and displaying the videos of the broadcast content. 
The constitution of the video output unit 240 is arbitrary, and 
may be, for example, an EL (electroluminescence) display, a 
plasma display, a CRT (Cathode Ray Tube) display, etc. In a 
case Where it is constituted by a display capable of image 
display based on a digital signal, such a display Will display 
images by acquiring the digital data of the motion picture 
Without the DAC 230 converting the digital data into an 
analog video signal. 

The audio output unit 250 is constituted by, for example, a 
speaker, and outputs audios of the broadcast content based on 
the audio signal supplied from the DAC 230. 

The details of the decoding unit 220 Will noW be explained 
With reference to FIG. 6. FIG. 6 is a block diagram shoWing 
the con?guration of the decoding unit 220. As shoWn in FIG. 
6, the decoding unit 220 comprises a data determination unit 
221, a content decoding unit 222, a program control unit 223, 
and a program storage unit 224. 

The data determination unit 221 sequentially acquires the 
data stream having received by the receiving unit 210, and 
determines the type, etc. of the packet noW being acquired and 
building the acquired data stream, by referring to the header 
information of that packet. The data determination unit 221 
supplies the acquired packet to the content decoding unit 222 
or to the program control unit 223, in accordance With the 
determination result. That is, as Will be described later, the 
data determination unit 221 supplies the acquired packet to 
the content decoding unit 222 in a case Where the packet is a 
“packet C1” or a “packet C2”, and supplies the acquired 
packet to the program control unit 223 in a case Where the 
packet is a “packet PP”. 

The content decoding unit 222 decodes the packet (packet 
C1 and packet C2) representing the content that is supplied 
from the data determination unit 221. The content decoding 
unit 222 decodes packets by executing the decoding program 
stored in the program storage unit 224 such as the decoding 
algorithm and various ?lters. That is, the decoding unit 220 
performs decoding by softWare processing, by executing the 
program stored in the program storage unit 224. The content 
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8 
decoding unit 222 sWitches the programs to be executed, in 
accordance With the type of the packet supplied from the data 
determination unit 221, the header information of each 
packet, etc. Thus, the content decoding unit 222 decodes the 
packet by a decoding method corresponding to the coding 
method for the content data sequentially arriving. In a case 
Where compatibility in a more upWard layer is found available 
betWeen plural types of coding methods, the content decoding 
unit 222 may continue executing the program corresponding 
to the more upWard coding method, Without the need of 
sWitching the decoding programs. 
The program control unit 223 decodes a packet (packet PP) 

of a decoding program supplied from the data determination 
unit 221, thereby acquiring the decoding program multi 
plexed on the data stream. The program control unit 223 
stores the neWly acquired decoding program in the program 
storage unit 224, so that this decoding program can be 
executed by the content decoding unit 222. This completes 
the application (installation) onto the decoding unit 220 of the 
decoding program multiplexed on the data stream transmitted 
from the broadcasting apparatus 100. 
The program storage unit 224 is constituted by a reWritable 

recording medium such as a hard disk, a RAM (Random 
Access Memory), an EEPROM, and stores programs to be 
executed by the content decoding unit 222 for the decoding 
operation. According to he present embodiment, since the 
reproducing apparatus 200 is adapted to the default coding 
method, the decoding program corresponding to the default 
coding method is pre-stored in the program storage unit 224. 
The decoding program acquired from the received data 
stream is made executable by being stored in the program 
storage unit 224. 
The reproducing apparatus 200 having the above-de 

scribed con?guration may, needless to say, be constituted by 
a specialiZed apparatus such as a television receiver as 
described, and also may be constituted by a general-purpose 
computer apparatus such as a personal computer, etc. In the 
latter case, by incorporating a tuner circuit for receiving a 
television broadcast, a general-purpose computer apparatus 
can be con?gured to receive a television broadcast and dis 
play a reproduced image on a display device. Alternatively, a 
general-purpose computer apparatus so con?gured may be 
connected to a television receiver, so that the general-purpose 
computer apparatus may decode the signal received by the 
television receiver and the television receiver in turn may 
display the decoded reproduction signal. In a case Where the 
reproducing apparatus 200 is constituted by a specialiZed 
apparatus such as a television receiver, the decoding unit 220 
may be constituted by, for example, a programmable circuit 
such as an FPGA (Field Programmable Gate Array), etc. 
The operation of the broadcasting system 1 having the 

above-described con?guration Will noW be explained With 
reference to the draWings. In the broadcasting system 1 
according to the present embodiment, the broadcasting appa 
ratus 100 broadcasts a content such as a TV program by a 
digital method, and the reproducing apparatus 200 receives 
the broadcast radio and reproduces it, thereby digital televi 
sion broadcasting is carried out. The “broadcasting process” 
to be performed by the broadcasting apparatus 100 in this 
How Will be explained With reference to the ?owchart shoWn 
in FIG. 7. 
As shoWn in FIG. 7, in the broadcasting process performed 

by the broadcasting apparatus 100, to be performed are a 
“data generation process” (step S100) for generating a data 
stream representing the content to be broadcast, and a “mul 
tiplexing and transmitting process” (step S200) for multiplex 
ing a decoding program on the data stream generated in the 




















